The explicit dynamics of the moments for the GKSL equation is obtained. In our case the GKSL equation corresponds to Poisson stochastic processes which lead to unitary jumps. We consider squeeze operators as the unitary jumps.
Introduction
In this work we consider the equation for the density matrix
where U k are unitary operators with the generators which are quadratic in bosonic creation and annihilation operators (squeeze operators). Such generators naturally arise in the case of averaging with respect to classical Poisson processes. These processes have the intensities λ k and lead to unitary jumps U k [1, 2] . In a finite dimensional Hilbert space the dilation of form (1) by the Poisson process was discussed in [3] . Let us note that Poisson processes and the correspondent quantum Markov equation arise in physical applications [4, 5, 6, 7] . Unitary evolution with the quadratic generators mentioned above was discussed in [8, 9, 10, 11, 12, 13, 14] . Let us also note that the generator L has Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) form [15, 16] 
We need an additional bit of notation to formulate our result. Notation here is similar to [17, 18, 19] . We consider the Hilbert space ⊗ n j=1 ℓ 2 . In such a space one could [21, Paragraph 1.1.2] define n pairs of creation and annihilation operators satisfying canonical commutation re-
Let us define the 2n-dimensional vector a = (â 1 , · · · ,â n ,â † 1 , · · · ,â † n ) T . Linear and quadratic forms in such operators we denote by f T a and a T Ka, respectively. Here, f ∈ C 2n and K ∈ C 2n×2n . Define the 2n × 2n-dimensional matrices as
where I n is the identity matrix from C n×n . CCR in such a notation takes the form [f T a,a T g] = −f T Jg, ∀g, f ∈ C 2n , we also write it in the shorter form [a,a T ] = −J. We also define the ∼-conjugation of vectors and matrices by the formulaẽ
where the overline is an (elementwise) complex conjugation.
where the average is defined by the formula ⊗ M m=1 a t ≡ tr (ρ t ⊗ M m=1 a). In particular, for the first and second moments we have
Here I 2nm is the identity matrix in C 2n ⊗ · · · ⊗ C 2n = C 2nm . ⊗ M m=1 a 0 < ∞ means that the operators in the tensor ⊗ M m=1 aρ 0 are nuclear.
Moments dynamics
In this section we prove theorem 1 splitting it into several lemmas.
Lemma 1. Let ρ be a nuclear operator andX be an operator in ⊗ n j=1 ℓ 2 which could be unbounded, but the operators U † kX U k ρ, k = 1, . . . , K andXρ are nuclear, then
Proof. As the trace of the nuclear operator is basis independent, then we have tr (U † kX U k ρ) = tr (V U † kX U k ρV † ) for an arbitrary unitary operator V in ⊗ n j=1 ℓ 2 . Assume V = U k , then tr (U † kX U k ρ) = tr (XU k ρU † k ). By applying this reasoning to each summand (1) we obtain (3).
Thus, the GKSL equation in the Heisenberg representation takes the form
Lemma 3.1 from [18] in the case, when K = iH, M = 0, g = 0, by the arbitrariness of f takes the following form.
Let us note that in accordance with [17] in the case, whenH = H, the operator 1 2 a T Ha is self-adjoint. Hence, the operator e − i 2 a T Ha is unitary. Thus, the operators U k defined in theorem 1 are unitary.
Proof. Taking into account lemma (3)
By lemma 3 we have U † k aU k = e i 2 a T H k a ae − i 2 a T H k a = e iJH k a = S k a. Thus, we obtain
Proof of theorem 1. By lemmas 1 and 3 we obtain the following GKSL equation in the Heisenberg representation (4) in the case, whenX t = (⊗ M m=1 a) t .
When we apply lemma 1, we take into account that the linear combinations of nuclear operators in the tensor ⊗ M m=1 aρ 0 are also nuclear ones. The obtained equation is a linear ordinary differential equation with respect to the tensor (⊗ M m=1 a) t . Hence, its solution could be represented in terms of matrix exponential of the (2nM)
Conclusions
In this work the explicit expressions for dynamics of the density matrix moments were obtained.
This density matrix satisfies equation (1) with the squeeze operators. The possible directions of the further generalizations are analogous calculations in the fermionic case (it could be done by means of [19, 20] ) and the consideration of arbitrary Gaussian channels [22] instead of weighted sums of unitary Gaussian channels. In the latter case we also obtain linear differential equations for the moments, but they have more complicated form.
